T he combination of a pelvic ring injury and an acetabular fracture presents a management challenge.
Obtaining and maintaining anatomical reduction of a displaced acetabular fracture is thought to lead to improved outcomes with lower rates of posttraumatic arthritis. 1 For pelvic ring injuries, higher residual displacement is thought to correlate with worse functional outcomes, [2] [3] [4] [5] although the critical amount of displacement is controversial. 2, 4, [6] [7] [8] For patients with combined injuries, restoring native pelvic ring and acetabular anatomy can be more difficult than when either injury is isolated.
The combination of pelvic ring injury and acetabular fracture is not uncommon, with prevalence ranging from 5% to 16%. [9] [10] [11] [12] However, patients with combined injuries often are excluded from studies of Combined pelvic ring and acetabular injuries present a management challenge. The literature on this topic is scarce, with few outcomes studies available. This retrospective study assessed whether the incidence of postoperative displacement and loss of reduction is higher with combined injuries compared with isolated pelvic ring injuries and isolated acetabular fractures. The charts and radiographs of 33 patients with combined pelvic ring and acetabular fractures treated operatively during a 7-year period at a single institution were reviewed. Pelvic ring and acetabular displacements were measured during the early postoperative period and compared with final follow-up measurements (minimum 5 months after surgery). Measurements also were compared with those from isolated pelvic ring fractures (n=33) and isolated acetabular fractures (n=33). Groups were matched for injury pattern and were propensitymatched by age and Injury Severity Score. Patients with combined injuries and patients with isolated pelvic ring injuries had similar initial pelvic ring reductions on anteroposterior and outlet view radiographs. By final follow-up, the combined injury group had experienced significant additional pelvic ring displacement. The presence of combined injury was an independent risk factor for postoperative pelvic ring displacement. Initial postoperative acetabular displacement was higher in the combined injury group compared with the isolated acetabular fracture group (2.6±1.8 vs 1.1±1.1 mm). By final followup, apparent displacement decreased significantly for both groups. Patients with combined pelvic ring and acetabular fractures were more likely to have poorer acetabular reduction and additional displacement of the pelvic ring component during the postoperative period compared with patients with isolated injuries. [Orthopedics. 2017; 40(3): 163-168.] abstract pelvic ring injuries or acetabular fractures alone, and outcomes data therefore are sparse, leaving little information to guide clinicians.
The current study examined early radiographic outcomes of patients with combined unstable pelvic ring injury and displaced acetabular fracture who underwent operative intervention of both injuries. The study hypothesis was that the incidence of postoperative displacement and loss of reduction is increased with combined injuries compared with isolated pelvic ring injuries and isolated acetabular fractures.
Materials and Methods

Study Design, Setting, and Participants
After receiving institutional review board approval, the trauma database at the authors' level I urban academic trauma center was reviewed to identify patients who underwent operative management of combined pelvic ring injury and acetabular fracture during a 7-year period (2007) (2008) (2009) (2010) (2011) (2012) (2013) . Inclusion criteria were age 18 years or older and availability of a complete set of radiographs obtained immediately postoperatively as well as after a minimum follow-up of 5 months. Images consisted of anteroposterior (AP), inlet, outlet, and Judet oblique view radiographs of the pelvis. The treating surgeon classified all injuries at the time of surgery according to Young-Burgess classification of pelvic ring injuries [13] [14] [15] and Letournel classification of acetabular fractures. 16 A total of 33 patients met the inclusion criteria.
To ensure similar distribution among groups, cohorts of patients from the same time period and institution were propensity-matched for injury pattern of the pelvic ring and acetabulum, Injury Severity Score, and age (Tables 1-2 ). Age was treated as a binary variable for both pelvic ring injuries and acetabular fractures (>30 and >40 years, respectively). A total of 99 patients were included in the final study group, with 33 patients in each of the 3 
Bilateral ring 5 (15) 4 (12) .92 matched groups: combined pelvic injury and acetabular fracture, pelvic injury only, and acetabular fracture only.
Abbreviations: APC, anteroposterior compression; CI, confidence interval; CMI, combined mechanical injury; ISS, Injury Severity Score; LC, lateral compression; VS, vertical shear. a Calculated by conducting t tests and chi-square tests.
Outcome Measures
The primary outcome measure was radiographic displacement of the pelvic ring or acetabulum. All radiographic measurements were made with clinical computerized picture archiving and communication system software. Pelvic ring and acetabular displacements were assessed during the immediate postoperative period (within 2 weeks after surgery). Measurements were compared with those obtained at the final follow-up visit (a minimum of 5 months postoperatively) unless revision for failure to maintain reduction was required, in which case radiographs obtained before revision surgery were used for the second set of measurements. All pelvic ring and acetabular measurements were obtained and recorded by the first author (A.E.H.); previous work showed good interobserver reliability regarding acetabular and pelvic ring displacement. 17, 18 Pelvic ring displacement was measured on AP radiographs of the pelvis using a technique described previously by Matta and Tornetta 8 and Henderson. 3 Vertical translation was assessed by measuring iliac wing height relative to a line perpendicular to the sacral midline (Figure 1) . Displacement shown on inlet and outlet pelvic radiographs was measured with a validated method described by Sagi et al. 19 The method consists of measuring the distances from the superior acetabular subchondral bone (sourcil) to a line paralleling the anterior sacral border on the inlet view or the superior end plate of S1 on the outlet view (Figures 2-3) . The absolute difference between the measured height of the injured and uninjured sides was used instead of the ratio of the 2 measurements (as described previously). 19 Acetabular displacement was defined as maximum displacement noted at any normal radiographic acetabular lines on AP or Judet oblique view radiographs, as described by Matta 1 and validated. 17 Femoral head medialization (difference in distance from femoral head centers to midline) also was evaluated.
Statistical Analysis
All statistical analyses were completed using Stata version 11.2 software (Stata Corp LP, College Station, Texas). To compare radiographic outcomes among groups, repeated measures analysis of variance combining between-participants and within-participants variables was used. The between-participants independent variable was type of injury (combination vs isolated pelvic ring or acetabular injury). The within-participants independent variable was time. The dependent variable was pelvic or acetabular radiographic displacement measurements. For patients with acetabular injuries, maximal acetabular displacement (AP and Judet oblique views) and femoral head medialization were the dependent variables. For pelvic ring injuries, AP iliac height, inlet sourcil height, and outlet sourcil height were dependent variables.
Each radiographic measurement was obtained at injury, immediately postoperatively, and at final follow-up. Pelvic or acetabular injury pattern and patient age were included in repeated measures models as covariates to control for any difference in these variables. Means were compared using t tests accounting for equal and unequal variances as appropriate. Proportions were compared with Fisher's exact test. The level of significance was set at P<.05.
results
The initial postoperative displacements measured on AP and outlet radiographs were similar for the combination and pelvic ring groups ( Table 3) . On inlet radiographs, initial postoperative displacement was higher in the combination group (5.6±3.9 vs 3.5±2.7 mm, P=.01).
At final follow-up, significantly more displacement was measured on all 3 views (AP, inlet, and outlet) for the combination group compared with the isolated pelvic ring group (P=.01, P<.01, and P<.01, respectively) (Figures 4-5) . Average displacement between initial postoperative and final follow-up radiographs was significantly higher in the combination group on both AP (P=.02) and outlet (P=.01) views.
The percentage of patients with 1 mm or greater of displacement was similar between the 2 groups on all 3 early postoperative pelvic views. By final followup, more patients in the combined injury group had 1 mm or greater of displacement evident on inlet (P=.02) and outlet radiographs (P<.01), with a trend toward a higher percentage displaced on AP radiographs compared with the isolated injury group (P=.07) (Figure 5) . Regression analysis indicated the presence of combined injury was a significant (P=.02) risk factor for displacement on all 3 radiographic views. Age older than 30 years and presence of lateral compression 1, lateral compression 2, or combined mechanical injury were additional risk factors for displacement shown on AP radiographs.
Immediate postoperative acetabular displacement in the combination group (measured in millimeters on AP and Judet oblique radiographs) was higher compared with the isolated acetabular fracture group (2.6±1.8 vs 1.1±1.1 mm, P<.01) ( Table 4) . As fractures healed, by final follow-up, apparent acetabular fracture displacement had significantly (P<.01) decreased for both groups, with similar improved residual displacement between groups ( Table 5) . Medialization of the acetabulum was not significantly different between the 2 groups on initial postoperative or final follow-up AP views (P=.87 and P=.06, respectively). Regression analysis revealed age older than 40 years and the presence of transverse or both-column injuries were more likely associated with loss of reduction.
discussion
This study examined the quality of pelvic ring and acetabular reductions in patients with combined injuries of the pelvic ring and acetabulum compared with matched cohorts of patients with isolated pelvic ring injuries and isolated acetabular fractures. Patients in the combination injury group had worse initial postoperative acetabular reductions than patients in the isolated acetabular fracture group. Compared with the isolated pelvic ring injury cohort, the combination injury group had similar quality pelvic ring reductions, as measured on 2 of 3 initial postoperative pelvic views, but experienced a significant degree of displacement during the postoperative period. Final follow-up radiographs showed significantly more displacement on all 3 pelvic views in the combination injury group compared with the isolated pelvic ring injury group. The clinical importance of this magnitude of difference (1.5-mm difference in acetabular reduction) is unknown; previous work suggests malreductions on this order might be of clinical importance. showed that acetabular reductions were worse in patients with residual displacement of the posterior pelvic ring, increased age, and T-type acetabular fractures. Although patients with combination injuries in the current study were matched with patients of similar ages with isolated acetabular fractures, the posterior pelvic ring injuries in the combination patients had equal or worse displacement because the posterior pelvic ring in the isolated acetabular group was uninjured. The complex degree of pelvic instability associated with the combined injury pattern might explain displacement occurring during the postoperative period. Stable fixation for this complex pattern might require alternative or additional means of fixation, more than would be required for the same isolated pelvic ring injury.
Concomitant pelvic ring injury and acetabular fracture remains understudied. The presence of both injuries has been an exclusion criterion in some studies, 20, 21 even though these patients account for 5% to 16% of total injury patients. [9] [10] [11] [12] Previous studies have focused on injury severity, injury pattern, and resuscitative requirements 11, 12 ; only 1 study in the literature has assessed the quality of immediate postoperative reduction in this population. 12 The current study had several limitations. A single author obtained all measurements. To account for this, a previously validated method of assessing acetabular displacement was chosen 1, 17 ; however, the validation studies were based on a small dataset, and it is fair to say that the ability of surgeons to accurately measure displacements on 
conclusion
This study emphasizes the challenges associated with the management of combined pelvic ring injury with acetabular fracture. Surgeons should be aware of the potential increased difficulty in obtaining and maintaining reductions in patients with concomitant pelvic ring injury and acetabular fracture compared with similar isolated injuries. Initial displacement and tendency for loss of reduction during the postoperative period may have later implications for arthrosis, leg-length discrepancy, and chronic pain. Further studies are warranted. This series might provide some guidance for patient counseling and expectations, and indicates an area for efforts at improving surgical techniques.
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